studies examining paternal exposure to BPA and assisted reproductive technologies (ART) are sparse, one study found that paternal urinary BPA levels were not associated with fertilization, embryo quality, implantation, or live birth. 10 Furthermore, another study reported no association between paternal urinary BPA levels and couples fecundity. 13 
Associations with Female Reproductive Outcomes
BPA exposure has been associated with fertility outcomes in women (►Fig. 2). Collectively, these studies have shown that elevated serum or urinary BPA levels were associated with anovulation, 14 lower antral follicle counts, 5, 15 and infertility. 5 Further, BPA exposure has been associated with miscarriage, [16] [17] [18] shortened gestation, 19 and preterm birth. 2 In contrast, some studies reported no association between urinary BPA levels and fecundity, time to pregnancy, 5,13 or spontaneous abortions.
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As in males, BPA exposure in women has been associated with poor ART outcomes. Specifically, serum BPA levels were negatively associated with number of oocytes retrieved, oocyte maturation, fertilization rates, as well as embryo quality in women undergoing in vitro fertilization (IVF) treatment. 2, 5 Additionally, urinary BPA levels were associated with a decrease in successful implantation rate in women undergoing IVF. 2, 5 However, some studies reported null associations between urinary BPA levels and number of oocytes retrieved, embryo quality, and fertilization rates.
5
Several studies investigated BPA exposure and incidence of reproductive disorders such as polycystic ovarian syndrome (PCOS), endometriosis, and fibroids. The majority of these studies showed that women with PCOS had significantly higher levels of BPA in the blood, 14,21 serum, 21, 22 and follicular fluid 22,23 compared with women without PCOS.
Similarly, women with endometriosis had higher levels of BPA than women without endometriosis, 2,24 and women with fibroids had higher levels of BPA than women without fibroids. 25, 26 However, some studies have found no associations between serum BPA concentrations and incidence of PCOS, 27 endometriosis, 28 or fibroids.
29

Phthalates
Phthalates are synthetic chemicals used in cosmetics, medications, plastic toys, and construction material. Phthalate exposure can occur via ingestion, inhalation, and dermal contact, 3, 4, 30 and phthalate metabolites can be detected in more than 99% of urine samples. 30 The phthalates described here include di-(2-ethylhexyl) phthalate (DEHP), diethyl phthalate (DEP), dibutyl phthalate (DBP), and benzyl butyl phthalate (BBP). DEHP is commonly found in materials such as surgical tubing and gloving as well as plastic food storage containers, roofing, and carpeting.
31
DEP and DBP are mostly found in personal care products such as lotions, nail polishes, and fragrances, whereas BBP is used in products such as vinyl flooring. 32 The associations between exposure to these phthalates and reproductive outcomes in men and women (►Figs. 1 and 2) are summarized below. 
13,34
Similar to studies on BPA, DEHP exposure has been associated with ART outcomes. In women undergoing IVF, urinary levels of the sum of DEHP metabolites were significantly associated with reduced total oocyte yield and a reduced probability of achieving pregnancy and live birth. 52 In contrast, a Chinese study found no association between urinary MEHP levels and clinical pregnancy loss.
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Additionally, some studies on DEHP have shown that urinary metabolites of DEHP were associated with reproductive disorders such as PCOS, endometriosis, and fibroids. reduced sperm motility, 37 and reduced numbers of morphologically normal sperm. 36, 37, 45 However, a few studies have found no associations between urinary levels of MEP and subfertility in men, 9,13 as well as sperm count and concentration, motility, viability, and abnormal morphology.
9,37,43-45
Associations with Female Reproductive Outcomes
Studies investigating DEP exposure and indicators of general fertility in women are scarce, but some studies have indicated that urinary MEP levels were significantly higher in females from infertile couples than in females from fertile couples 45 and that urinary MEP levels were significantly associated with clinical pregnancy loss 53 and preterm delivery. 57 However, some studies have found no associations between urinary MEP concentrations and time to pregnancy, 13,51 clinical pregnancy loss, 46 and preterm birth.
46,48
Further, urinary levels of MEP were not associated with the probability of pregnancy or odds of live birth in women undergoing IVF or intracytoplasmic sperm injection (ICSI).
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Recent epidemiological studies investigating the associations between DEP exposure and reproductive disorders are limited in number, but one study reported that urinary concentrations of MEP were significantly associated with an increased incidence of PCOS. 27 Further, a few studies reported no associations between urinary MEP concentrations and endometriosis 46, 55 or uterine fibroids.
25,46
Dibutyl Phthalate
Associations with Male Reproductive Outcomes
A handful of studies have investigated the potential associations between DBP exposure and indicators of general fertility in men. These studies indicated that seminal levels of DBP 33 and urinary levels of one of its metabolites, mono-n-butyl phthalate (MnBP), 45 were significantly higher in infertile men when compared with fertile men. Further, urinary levels of MnBP, DBP, or another metabolite, monobutyl phthalate (MBP), were associated with lowered sperm concentration, Interestingly, some studies reported that urinary MnBP levels were significantly associated with increased semen volume and sperm concentration. 45, 59 In contrast, some studies showed that urinary MnBP levels were not associated with risk of subfertility 9 and that DBP exposure was not associated with sperm count, concentration, motility, or morphology. 
Associations with Female Reproductive Outcomes
Studies investigating the associations between DBP exposure and general indicators of female fertility are scarce. However, urinary MnBP levels were significantly higher in women from infertile couples than women from fertile couples, 45 and urinary levels of MnBP from pregnant mothers were significantly associated with clinical pregnancy loss. 
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Associations with Male Reproductive Outcomes
Several cross-sectional, longitudinal, and ecological studies have found that air pollution was significantly negatively associated with sperm quality, which may contribute to male-mediated infertility (►Fig. 1). For example, exposure to PM 10 µM or less in size (PM 10 ) was associated with increased sperm aneuploidy, DNA fragmentation, abnormal chromatin and sperm morphology, and decreased sperm motility. 61 Exposure to fine PM less than 2.5 µM (PM 2.5 )
was associated with sperm aneuploidy and decreased sperm motility, with 2-to 3-month lags. Ambient O 3 levels were significantly associated with low average sperm concentrations at all biologically relevant time points during spermatogenesis. Other gaseous pollutants such as SO 2 , NO x , and CO were associated with reduced sperm motility and kinetics and increased morphological abnormalities. 61 Further, traffic police and tollgate workers exposed to motor vehicle exhaust had an increased proportion of sperm with damaged chromatin and fragmented DNA compared with unexposed, healthy men. 62 In contrast, one study found no associations between exposure to O 3 or PM 2.5 at levels below the current National Ambient Air Quality Standards and sperm quality parameters. 61 Similarly, one study found that exposure to CO, NO 2 , and PM 10 was not associated with sperm quality.
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Associations with Female Reproductive Outcomes
Although limited information is available on air pollutants and female reproductive outcomes (►Fig. 2), one study indicated an association between residential proximity to major roads (as an index of air pollution exposure) and preeclampsia, premature rupture of membrane, and preterm birth, but not gestational diabetes mellitus, placenta abruption, placenta previa, or preterm labor. 63 Similarly, exposure to ambient PM 2.5 increased the risk of preterm birth, particularly if exposure occurred during early or mid-pregnancy. 64 Further, maternal exposure to emissions from municipal solid-waste incinerators throughout pregnancy was associated with preterm birth. 65 Ambient air pollution was also correlated with spontaneous abortion 66 as well as decreased fecundability.
67
Dioxins
Dioxins and dioxin-like compounds are a group of chemicals with similar structural and biological properties and include polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans, and certain polychlorinated biphenyls. They are released into the environment as by-products of combustion (e.g., municipal and commercial waste incineration, burning of fuels, and forest fires), chemical manufacture (e.g., pesticide and herbicide production, and chlorine bleaching of paper and pulp), and metal industry operations. These compounds are highly stable, persistent pollutants in the environment that bioaccumulate in the food chain. Consumption of contaminated food and water is the major source of human exposure. Dioxins are a public health threat worldwide and have been associated with serious health issues, including reproductive problems.
3,68
Associations with Male Reproductive Outcomes
Dioxin exposure has been associated with adverse male reproductive outcomes (►Fig. 1). Specifically, dioxin content in semen was associated with male infertility. 69 Further, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) content in semen was associated with abnormal spermiograms (characterized by teratozoospermia, oligospermia, and asthenospermia). 69 However, not all studies found associations between dioxin exposure and semen quality parameters or risk of subfertility in men.
9
Associations with Female Reproductive Outcomes
As in males, dioxin exposure in females has been associated with adverse reproductive outcomes (►Fig. 2). Maternal exposure to dioxins was associated with reduced fetal growth at intakes below the tolerable weekly intake of 14 picograms toxic equivalents/kilogram body weight/week.
70
However, the Seveso Women's Health Study, a retrospective cohort of TCDD exposure and reproductive health that assessed pregnancy outcomes over 30 years following a chemical explosion resulting in the highest known residential exposure to TCDD, found no significant associations between maternal exposure and spontaneous abortion, fetal growth, gestational length, or endometriosis. 71 Similarly, a Japanese study found no significant association between serum dioxin levels and endometriosis in infertile women diagnosed with the condition.
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Pesticides
Pesticides, which include herbicides, insecticides, and fungicides, play a major role in agriculture, horticulture, livestock production, and disease control. Their use has been associated with adverse effects on human and environmental health worldwide. Certain pesticides such as organochlorines are persistent pollutants in the environment and show bioaccumulation in the food web. 73 Exposure to pesticides and pesticide residues occurs through ingestion of contaminated food, water, and soil, inhalation, as well as dermal and ocular contact. Pesticides are thought to act as endocrine disruptors and may be associated with reproductive problems.
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Associations with Male Reproductive Outcomes
Collectively, various pesticide exposures have been associated with reduced sperm numbers, motility, or volume (►Fig. 1). Specifically, agricultural pesticide exposure was associated with a decline in semen quality, decreased sperm count, decreased sperm motility, and increased teratospermia.
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Similarly, organophosphate pesticides were associated with reduced sperm motility, seminal volume, and increased sperm morphological abnormalities. 75 Further, occupational Environmental Contaminants Affecting Fertility and Somatic Health Chiang et al. 245
exposure to the herbicide 2,4-dichlorophenoxyacetic acid was associated with asthenospermia, necrospermia, and teratospermia. 75 Occupational exposure to the carbamate insecticide carbaryl was associated with low sperm counts and abnormal sperm morphology, and occupational exposure to dibromochloropropane was associated with male subfertility, oligospermia, and genetic alterations in sperm. 74 Exposure to organophosphate pesticides (dimethyl phosphate, dimethyl thiophosphate, dimethyl dithiophosphate) was negatively associated with sperm concentration, total sperm count, and percentage of motile sperm. 76 Exposure to pyrethroid pesticides was positively associated with the percentage of medium sperm DNA fragmentation index and high sperm DNA fragmentation index 77 as well as abnormal sperm morphology and low sperm concentration. 78 Increased serum levels of oxychlordane (a metabolite of the organochlorine pesticide, chlordane) were associated with an increased risk of subfertility and decreased sperm concentration and motility. 9 Environmental exposures to dichlorodiphenyldichloroethylene (DDE) and lindane were negatively associated with sperm motility, 79 and DDE exposure was associated with increased sperm sex-chromosome disomy. 80 Finally, high plasma abamectin levels were associated with decreased sperm motility and sperm maturity.
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Associations with Female Reproductive Outcomes
Similar to men, organochlorine pesticide exposures have been associated with adverse reproductive outcomes in women such as low fecundability, miscarriage, preeclampsia, intrauterine growth restriction, poor weight gain during fetal development, and preterm birth 73, 82 (►Fig. 2). Further, organochlorine pesticide exposure has been associated with an increased risk of PCOS, 22 endometriosis, 83 and fibroids.
84
Interestingly, exposure to organochlorine pesticides was associated with shorter menstrual cycles, whereas exposure to non-organochlorine pesticides was associated with longer menstrual cycles or absence of cycles.
14 Similarly, exposure to the commonly used herbicide atrazine via drinking water was associated with menstrual cycle irregularity and longer follicular phases. 85 Finally, exposure to pyrethroids in women living in rural South Africa was negatively associated with plasma levels of anti-Müllerian hormone, a marker of ovarian reserve. 86 However, one study reported no association between glyphosate, another commonly used herbicide, and adverse reproductive effects at environmentally relevant concentrations.
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Fracking Chemicals
Fracking chemicals are used and produced during the process of drilling and hydraulic fracturing for oil and gas manufacture.
Fracking chemicals from oil and gas extraction, processing, transport, and disposal of waste water contaminate the air, surface water, and ground water. Oral, inhalation, and dermal exposure to these chemicals can occur through residential proximity or occupational exposure. Several fracking chemicals have been associated with endocrine disrupting activities and adverse reproductive outcomes.
88,89
Associations with Male Reproductive Outcomes
A few studies reported that occupational exposure to fracking operations was associated with decreased sperm concentration and motility as well as increased DNA damage
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(►Fig. 1). Further, exposures to fracking chemicals such as benzene, toluene, ethylbenzene, and xylene were associated with low sperm count, motility, and viability; abnormal sperm morphology; and abnormal semen viscosity.
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Associations with Female Reproductive Outcomes
Several studies have reported a significant association between maternal exposure to fracking operations and preterm birth as well as miscarriage, but not the incidence of stillbirths 88 (►Fig. 2). Further, the fracking chemical toluene was associated with reduced fecundity, conception failure, miscarriage, and premature menopause.
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Triclosan
Triclosan is a phenolic compound with antimicrobial activity that is commonly used in products such as soaps, disinfectants, and toothpaste. 8 Exposure to triclosan occurs via oral, inhalation, and dermal routes. 18 Research on triclosan is sparse and epidemiological data regarding its association with reproductive outcomes are lacking (►Figs. 1 and 2).
Associations with Male Reproductive Outcomes
A case-control study that examined whether exposure to various endocrine disrupting chemicals was associated with subfertility in men found no associations between triclosan and semen quality parameters or risk of subfertility. 9 Another case-control study that examined the relationship between exposure to phenols and idiopathic male infertility found that urinary triclosan concentrations were not significantly associated with idiopathic male infertility.
8
Associations with Female Reproductive Outcomes
Little information is available about the relationship between triclosan and female fertility. However, a retrospective time to pregnancy study in women recruited from the Maternal-Infant Research on Environmental Chemicals (MIREC) study suggested that elevated urinary triclosan levels may be associated with decreased fecundity.
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Parabens
Parabens are a group of p-hydroxybenzoic acid esters that are commonly found in cosmetics as preservatives. They can also be found in foods where they are used as antimicrobials to help preserve foods and increase shelf life. Humans are most commonly exposed to parabens via dermal contact or ingestion. 91 Studies investigating the potential associations between parabens and fertility outcomes in men and women are sparse (►Figs. 1 and 2).
Associations with Male Reproductive Outcomes
Although limited information exists on parabens and male reproductive outcomes, one study reported that paternal urinary methylparaben concentrations were associated with a decrease in live birth after intrauterine insemination. 92 In contrast, paternal urinary concentrations of methyl-, propyl-, or butylparaben were not associated with fertilization rate, embryo quality, or odds of implantation in couples who underwent IVF. 92 Similarly, urinary concentrations of methyl-, propyl-, and butylparaben were not associated with sperm concentration or motility.
93
Associations with Female Reproductive Outcomes
Few epidemiological studies have investigated parabens and female reproductive health. One such study found no significant associations between urinary concentrations of methyl-, propyl-, or butylparaben with total and mature oocyte yields, embryo quality, fertilization rates, implantation, clinical pregnancy, or live birth rates in women undergoing IVF.
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Conclusion
The average person is exposed to environmental endocrine disruptors daily due to their ubiquitous presence in the general environment as well as their use in a wide variety of consumer products. Many of the studies published during the past 5 years demonstrate significant negative associations between exposure to the selected chemicals and reproductive outcomes in both men and women. As negative reproductive outcomes are associated with overall health in men, women, and offspring, it is important to better understand how environmental exposures contribute to these reproductive outcomes and in turn overall health status of those with adverse reproductive outcomes as a result of their exposures. In general, BPA exposure was associated with several negative reproductive factors in men and women with relative consistency. Similarly, dioxins and pesticides were significantly associated with reduced fertility parameters in men and women. However, not all studies reported significant associations between chemical exposures and reproductive outcomes in humans. These conflicting results could be due to the high variability of study population, sample size, methods of measuring exposure levels, as well as the reproductive outcomes measured between studies. Thus, further studies are needed to clarify associations between exposures to these chemicals, further define the possible mechanisms through which these chemicals act, and determine how they contribute to negative reproductive outcomes that may be markers of overall health.
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